Background: Hip fracture (HF) is by far the most common serious fragility fracture. Its care is a major challenge to all healthcare systems. Aim: To determine whether there are characteristics of older people identified via comprehensive geriatric assessment (CGA) that help identify those with an increased risk of HF. Methods: The demographic, functional, cognitive and nutritional data of a cohort of patients admitted for acute HF were compared with those of a population cohort representing communitydwelling older people in the same urban district without HF. Bivariate analysis was performed on the variables in both the complete samples and in a subsample of age and sex paired subjects, followed by logistic regression analysis. Results: A total of 509 HF patients and 1315 community-dwelling older people were included. The HF patients were older and more frequently women and had more frequent disability and cognitive impairment, lower handgrip strength, lower body mass index (BMI) and a higher frequency of vitamin D deficiency compared with the community controls (P < 0.001). The variables most strongly associated with the presence of HF in the multivariate analysis, aside from age and female sex, were BMI<22 kg/m 2 [odds ratio (OR) = 5.11], disability (OR = 4.32), muscle weakness (OR = 3.01), and vitamin D deficiency (OR = 2.13). Conclusions: There are easily obtained CGA determinants that are strongly associated with fragility HF. The detection of low weight, disability, malnutrition, muscle weakness, and vitamin D deficiency can help identify at-risk older people to implement prevention strategies.
Introduction
Hip fracture (HF) is a public health problem with significant effects for the patient and the health care system. Its frequency is high, with an estimated incidence of 620 000 cases per year in the European Union in 2010 and more than 210 000 cases per year in the USA between 2008 and 2011 (1) .
HF impacts negatively on quality of life and survival and generates a significant economic cost in terms of health and social care.
After experiencing HF, 50% of patients will not recover their previous functional state, and up to 20% will need help for long periods of time. The mortality rate after HF is two times the mortality of people of the same age without fracture, and excess mortality persists for years (2) . Regarding economic consequences, it has been estimated that the annual cost of acute and subacute phase treatment in the European Union was close to €20 billion, while in the USA, the acute-phase cost is $3.3 billion (3.3 thousand million) (1) . A 25% growth in costs is expected between 2010 and 2025 (1) .
Given the above, there is a keen interest in strategies aimed at preventing this health problem and expanding the existing focus, which has been primarily centred on falls prevention and osteoporosis treatment. The former is a more recent development. Osteoporosis treatment is the most established prevention method; however, it appears to have been inappropriately directed towards sectors of the population with a low risk and overlooked high-risk populations, such as older patients.
Age, osteoporosis and falls are well known risk factors (RF) for HF (3) . Predictive instruments, such as the FRAX, are also useful (4). However, among older people, these RF can be minimally discriminatory, and even though very elderly people comprise the majority of HF patients (75% of HF occur in patients over 75 years) (1), it has not been sufficiently studied whether there are characteristics that help detect which older people are more susceptible to HF.
Comprehensive geriatric assessment (CGA) is a multidimensional and interdisciplinary process that seeks to determine the medical problems, functional and mental capacity, nutritional status and social situation of older patients in order to develop a coordinated and integrated plan for treatment and long-term follow-up (5) . Assessing functional status, frailty and other geriatric syndromes while simultaneously addressing individual disease processes lies at the heart of the geriatric approach to primary care (6) . Geriatric screening can detect previously unknown problems; once these problems are detected and managed, many improve, which can delay disability and reduce the need for nursing home stays among older people living at home (5,7). The cornerstones of CGA are a comprehensive medical history and functional, mental and social assessment, including nutritional status; the CGA can also include a blood serum analysis. One of the most important aspects of CGA is its use as a health screening for the older population to identify problems that can predict future disease, fragility or disability and act on them before they appear. Therefore, the use of CGA at the primary care level has great interest as a prevention and early detection method for various diseases.
Multiple studies in the literature have examined factors associated with osteoporotic fractures in older patients (8) (9) (10) (11) (12) but none has focused on CGA as a primary tool for the study of RF. Conversely, studies that describe the factors associated with these fractures in this context do not specifically address HF (3, 13, 14) or have been conducted in relatively younger populations (3, 13, 14) or include a small number of cases (14) .
The aim of this study was to determine, through CGA, the characteristics of older people that are associated with a greater risk of HF. Such knowledge would give insight about actions directed towards preventing HF in older patients at the primary care level.
Methods
Two independent cohorts were merged and analysed cross-sectionally: the FONDA cohort, comprised of 509 people 65 years and older with HF (15) and the Peñagrande cohort, comprised of 1315 people in the community who were older than 65 years and did not have HF (10) (Figure 1 ).
The FONDA cohort (known as FONDA for Function, Osteoporosis, Nutrition, Pain ('Dolor' in Spanish) and Anaemia) included all patients over 65 years who were hospitalized consecutively for a fragility HF in a referral 1300 beds university hospital between 25 January 2013 and 28 February 2014 (15) . Data were collected at the orthogeriatrics unit using interviews with the patient and/or family members in the first 72 h since admission.
The Peñagrande cohort was a population-based sample from the North Zone of Madrid (10) . This representative sample consisted of people over 65 years residing in the area assigned to the same hospital as the FONDA cohort. The Peñagrande cohort was launched in 2008 with the objective of studying different aspects related to ageing and fragility in people over 65 years. The data for this study were collected between December 2010 and March 2012. The 1327 participants in the sample were distributed in similar numbers for each age stratum (65-69, 70-74, 75-79, 80-84, 85-89 and ≥90 years) and sex to ensure the presence of individuals in the older age strata. Information was collected primarily via interviews conducted by health personnel trained at the primary health centre; however, more disabled people were interviewed in their own homes. A total of 12 individuals with a prior history of HF were excluded from this cohort.
The study protocols for both cohorts were approved by the Clinical Research Ethics Committee of the hospital. Informed consent was obtained from all individual participants included in the study.
Study variables
The dependent variable was the presence of HF. The independent variables were sociodemographic (age and sex), functional (presence of disability, urinary incontinence and hand grip strength), mental (presence of cognitive impairment), nutritional (body mass index) and analytic (serum levels of albumin and vitamin D) factors.
Disability was defined as the inability to perform one or more of the following eight basic activities of daily living without help: walking through a small room, bathing or showering, performing personal grooming, eating, getting out of bed, getting up from a chair and using the toilet. Cognitive impairment in hospitalized patients was detected using the Pfeiffer questionnaire, with four or more errors considered the validated cut-off for cognitive impairment (16); among the older people in the community, cognitive impairment was assessed using the Mini-Mental State Examination, with a validated cut-off of 23 points or less (17) . Handgrip strength was measured using a Jamar® hydraulic dynamometer (Sammons Preston, Bolingbrook, IL, USA) and the modified Southampton protocol (18); a handgrip strength below 20 kg in women and 30 kg in men was considered as muscle weakness (19) . Nutritional status was evaluated using body mass index (BMI) and albuminaemia. In the community sample, BMI was calculated from the weight and height recorded in the primary clinical records by the nurse. In the hospitalized sample, for bedridden patients with no recorded data, the weight reported by the patient or a relative was used, and height was estimated using calculation tables based on forearm length, an alternative measurements of height accepted by British Association for Parenteral and Enteral Nutrition (20) . The participants were classified into four groups according to their BMI: BMI <22, 22-24.9, 25-29.9 and ≥30 kg/m 2 . As a bone health parameter, the serum level of 25-hydroxyvitamin D was measured using a direct competitive chemiluminescence immunoassay in a LIASON® system (DiaSorin, Stillwater, MN, USA). This analysis was performed in the hospital laboratory for both cohorts, and vitamin D deficiency was determined by levels lower than 52 nmol/l (21 ng/ml).
Except to the cognitive test and BMI calculation, which were made with the previously specified differences, the rest of the data collection protocol was identical. In addition, the bloods samples were analysed in the same laboratory. In the community sample, the evaluation staff consisted of trained nurses. In the hospitalized sample, the evaluation was performed by the staff in charge of the Orthogeriatrics Unit.
Statistical analysis
For the statistical analysis, the two cohorts were combined in the same database consisting of 1824 individuals, and the HF variable was used as an identifier of provenance: FONDA cohort (cases with HF) and Peñagrande cohort (controls without HF).
Quantitative variables are described as measures of centralization and dispersion (mean, standard deviation or median and interquartile range, depending on whether the distribution was normal). Qualitative variables are described as absolute and relative frequencies.
The association between HF and the remaining variables was studied using bivariate analysis followed by multivariate analysis through binary logistic regression. The prior bivariate analysis was performed using the t-test or the Mann-Whitney test for quantitative variables and with the chi-squared test or Fisher's exact test for qualitative variables. P < 0.05 was considered the statistically significant value.
In the multivariate analysis using binary logistic regression adjusted for age and sex, the independent variables that were associated with P < 0.10 were included. A stepwise exclusion strategy of model variables (backstep) was used. The quality of the fit in the final model was assessed using the Homer-Lemeshow goodness-offit test and the Nagelkerke coefficient of determination.
There were missing data for the following variables (the number in each cohort is indicated in parentheses): Disability (22 in FONDA), incontinence (17 in FONDA and 66 in Peñagrande), cognitive impairment (2 in Peñagrande), BMI (17 in FONDA and 66 in Peñagrande), and handgrip strength (62 in FONDA and 20 in Peñagrande). Before performing the multivariate analysis, we performed data imputation on the missing data using the average method for four age and sex groups (≥85-year-old men, <85-year-old men and all men; ≥85-year-old women, <85-year-old women and all women). Vitamin D and albumin data in the Peñagrande cohort were only collected for 461 individuals. The missing data of vitamin D were not imputed for having more than 10%.
A sensitivity analysis was performed to check for bias that could cause age and sex to confound the associations among the rest of the studied variables. For this, a randomly selected subsample paired by age and sex was chosen, with cases and controls in 1:1 proportion; this subsample consisted of 361 individuals with HF and 361 without HF. In this subsample, the same analyses were replicated: the descriptive analysis of each variable, the bivariate analysis and the binary logistic regression described in the previous section.
Results
Compared with the community-dwelling older people, the patients with HF were older, and a larger proportion of them were women (Table 1 ). In addition, they had higher frequency of disability (60.2 versus 10.9%), cognitive impairment (47.9 versus 12.6%) and urinary incontinence (55.7 versus 31.6%); reduced muscle strength (91.3 versus 65.2%); and a higher frequency of low BMI (BMI <22; 20.0 versus 4.9%). In the analytic results, they had a higher rate of vitamin D deficiency (<52 nmol/l or <21 mg/dl; 79.2 versus 56.2%) and hypoalbuminaemia (80.5 versus 2.4%). Because of the large difference found in this last variable (albuminaemia), possibly because of its behaviour as an acute phase reactant, it was eliminated from subsequent studies.
The multivariate analysis ( Figure 2) showed that all studied variables except incontinence and cognitive impairment were associated independently with HF; with BMI <22 kg/m 2 (OR = 5.11), the presence of any disability (OR = 4.32), muscle weakness in handgrip strength (OR = 3.01) and vitamin D deficiency (OR = 2.13) showing particularly strong associations. Age (OR = 1.10 for each year after 65 years) and female sex (OR = 2.34) were nonmodifiable RF. A BMI ≥30 behaved as a protective factor (OR = 0.45).
In the subsample paired by age and sex (361 pairs with mean age 83.7 ± 6.6 years, 74% women), statistically significant differences were also found in all exposed variables, with results similar to those of the multivariate analysis (Table 2; Figure 3 ).
Discussion
This study compared the characteristics of older people with HF with their peers in the community and found that HF patients were most common among older women and those with poor nutritional status. HF patients were likely to have functional disability, and they had less muscle strength and low levels of vitamin D. Information about these characteristics was easily obtained using CGA, the clinical history and a basic analytical study, and these RFs are potentially treatable.
Studies conducted in other countries that generally include a significant number of older people, mostly with population representativeness, have been published in recent years. In addition to finding a higher frequency of HF among women and older people, these studies identified some factors associated with HF that were similar to those we found in this study, including low weight (8) (9) (10) , impairment in activities of daily living (11), low handgrip strength (9, 11, 12) , and low plasma levels of vitamin D (8) . Some found an association between cognitive impairment and HF, as we did in the bivariate analysis (9, 12) .
To the best of our knowledge, this is the first study in Spain to compare the characteristics identified from the CGA of patients with HF using older people from the same community as controls.
Among the strengths of this study, it is worth noting its high number of included cases and its population representativeness because on the one hand, the sample of controls is representative of the population of older people in the area and on the other, all fractures occurring in the area were included because the hospital where the study was performed is the centre to which patients with this pathology are systematically admitted. Another strength is that CGA is a simple technique for health professionals to perform and represents a low cost.
Among the limitations of the study, we can highlight that the sample is the result of merging two representative cohorts of individuals with and without HF that although belonging to the same geographic area were performed at different times (in 2011-2012 and in 2013-2014). Other limitation is the use of different cognitive Fonda cohort [Function, osteoporosis, nutrition, pain ('Dolor' in Spanish) and Anaemia]: included all patients over 65 years who were hospitalized consecutively for a fragility HF in a university hospital for a year and Peñagrande cohort, a population-based sample consisted of people over 65 years residing in the area assigned to the same hospital as the FONDA cohort.
BMI, body mass index.
tests to measure the cognitive impairment variable should be mentioned; however, we think that this does not limit comparability because both instruments have validated cut-offs for the Spanish older population (16, 17) . Another possible limitation of the study is a nutritional assessment based on BMI, and laboratory values without having studied the presence of sarcopenia (21) . There may be an observer error in the use of the weight reported by the patient or relative and the height calculated on the basis of the forearm. Another limitation of the study is that no data were collected on diseases associated with the presence of HF (such as a history of falls, Parkinson's disease, myocardial infarction or history of hyperthyroidism). Given the high impact of HF in terms of both mortality and quality of life, its high costs to the health system both in its acute phase and recovery period, its possible complications and the likelihood that it will increase in frequency in years to come (9) , preventative strategies should be implemented to address this serious health problem. The information obtained from our sample suggests that fragility HF should not be considered a disease of 'older people in general' but rather a defined disease of a particular subtype of older people. Specifically, HF will occur more frequently in very older subjects with established functional and cognitive disability, low body mass, low muscle strength and vitamin D deficiency, factors that have been previously but partially described in other countries (8) (9) (10) (11) (12) and confirmed for the first time in Spain in our study. These characteristics are easy for primary care professionals to detect using CGA.
Because the population older than 65 years old is large, the application of CGA might not be cost-effective. In a previous publication of our group on the same community people showed a remarkable increase of fragility above 75 years, so we propose the use of CGA in patients over 75 years (22) . Besides, The Primary Care Standardized Services Catalogue of the Community of Madrid includes a CGA for people over 75 years such as the one performed in the study (23) . Furthermore, in the Northern Care Area it is possible to obtain Vitamin D levels from Primary Care. The only exploration that is not included as a routine in Primary Care is handgrip strength. In view of the predictive value that this parameter has in older people and the data obtained in this study, the systematic application should be considered in this age group. Besides, the CGA not only serves to predict the risk of HF, as our study reveals, but also to predict the risk of death after the fracture (24) .
The identified HF risk factors are potentially modifiable by preventing and treating disability, increasing muscle strength through physical exercise, improving nutrition and taking supplemental vitamin D. Subsequent studies could systematically direct detection efforts towards this especially susceptible population and evaluate whether correcting these RF and applying established preventative measures for HF (specifically, preventing falls and treating osteoporosis) reduce the incidence of this major health problem.
